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(57)Abstract: 


PROBLEM TO BE SOLVED: To suppress the short channel effect m } 
by reducing the parasitic capacitance between a gate electrode 
and a source drain region. 

SOLUTION: A silicon nitride film 32 is formed on a p type silicon 
substrate 31 to form a trench in the substrate 31 by etching step 
using the resit film 32 as a mask. Next, the resist film is removed 
to form a sidewall insulating film 34 on the side of the trench. 
Further, the surface is ion-implanted with baron to form a channel 
impurity region 35 as well as a gate insulating film 36. 
Successively, a gate electrode 37 is formed by depositing and 
etching back polysilicon and the silicon nitride film 32 is removed. 
Finally, the whole surface is ion-implanted with arsenic in the 
oblique direction so as to form a source region 38 and a drain 
region 39. 
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1. This document has been translated by computer. So the translation may not reflect the original 
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CLAIMS 


[Claim(s)] 

[Claim 1] MOSFET characterized by forming a slot in a semi-conductor substrate, forming gate 
dielectric film and a side-attachment-wall insulator layer in the base and side face of this slot, 
respectively, forming a gate electrode in Mizouchi inserted into said side-attachment-wall insulator layer, 
and forming the source drain field in contact with a part of side face of said side-attachment-wall 
insulator layer, and base. 

[Claim 2] Said slot is MOSFET according to claim 1 which the semi-conductor substrate between said 
side-attachment-wall insulator layers is making the configuration dug further deep the 1/10 or less 
depth of the distance between said side-attachment-wall insulator layers, and is characterized by 
forming gate dielectric film in the base and side face of this **** lump part. 

[Claim 3] MOSFET according to claim 1 characterized by adding the impurity of the same conductivity 
type as a source drain field at said side-attachment-wall insulator layer. 

[Claim 4] (1) The process which forms the 1st insulator layer on a semi-conductor substrate, etches 
selectively this 1st insulator layer and said semi-conductor substrate, and forms a slot, (2) The process 
which deposits and carries out etchback of the 2nd insulator layer to the whole surface, and forms a 
side-attachment-wall insulator layer in the side face of said slot, (3) The process which forms gate 
dielectric film in the front face of the semi-conductor substrate which oxidizes thermally and is not 
protected by said the 1st insulator layer and said side-attachment-wall insulator layer, (4) — the 
process which forms the gate electrode which buries said Mizouchi inserted into said side-attachment- 
wall insulator layer, and (5) — the manufacture approach of MOSFET including the process which 
performs an ion implantation by using said side-attachment-wall insulator layer and said gate electrode 
as a mask, and forms a source drain field. 

[Claim 5] The manufacture approach of MOSFET according to claim 4 characterized by performing the 
ion implantation in the process of said ** (5) from across. 

[Claim 6] The manufacture approach of MOSFET according to claim 4 characterized by inserting the 
process which carries out etching clearance of said 1st insulator layer before the process of account ** 
of back to front (5) of the process of said ** (4). 

[Claim 7] The manufacture approach of MOSFET according to claim 4 characterized by inserting the 
process which a semi-conductor substrate is etched [ process ] into the 1/10 or less depth of the 
distance between said side-attachment-wall insulator layers, and projects the base of a slot downward 
by using said the 1st insulator layer and said side-attachment-wall insulator layer as a mask in front of 
the process of account ** of back to front (3) of the process of said ** (2). 

[Claim 8] The manufacture approach of MOSFET according to claim 4 characterized by inserting the 
process which dopes a channel impurity under the base of said slot before the process of account ** of 
back to front (3) of the process of said ** (2). 

[Claim 9] The manufacture approach of MOSFET according to claim 4 characterized by performing the 
ion implantation which the side-attachment-wall insulator layer formed in the process of said ** (2) 
contains the impurity of the same conductivity type as a source drain field, and is performed in the 
process of said ** (5) 10 degrees or less a perpendicular direction thru/or from across. 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention — the structure of MOSFET — and — the — it digs deep and is 
the so-called thing about MOSFET and its manufacture approach of gate structure which carried out 
manufacture approach Seki and was especially embedded in the gate electrode fang furrow. 
[0002] 

[Description of the Prior Art] MOSFET serves as a technical problem with how important a short 
channel effect is suppressed in that case, although the improvement in a property has been achieved by 
making it detailed. For short-channel-effect control, it is known that it is effective to make shallow the 
source near a gate edge and junction of a drain. Moreover, although it is important to reduce the 
diffusion layer capacity of a drain in order to raise the engine performance of MOSFET more, the 
method of a channel impurity range lessening area which laps with the source and a drain as much as 
possible for that purpose, and pouring a channel impurity only into the bottom of the gate is effective. 
[0003] As structure of filling these demands effectively, it digs deep and the transistor of gate structure 
is proposed. The cross-section structure is shown in drawing 8 and drawing 9 . What was shown in 
drawing 8 Others [ Takeda / E.], "New Grooved-Gate MOSFETwith Drain Separated from Channel 
Implanted Region (DSC)", IEEE Transactions on Electron It is proposed in 686 and 1983. Devices, 
Vol.ED-30, N 0.6, and pp.681- After the channel impurity range 64 etches and digs a silicon substrate 61 
deep, it is formed of an ion implantation, and gate dielectric film 65 and the gate electrode 66 are formed 
on this. And the source field 62 and the drain field 63 are formed so that the side face of the gate 
electrode 66 may be countered. With such structure, since the channel impurity range 64 is formed only 
in the part under a gate electrode among silicon substrates 61, the source field 62 and drain field 63 
bottom can be made into low concentration, and can aim at reduction of diffusion layer capacity. 
Moreover, since the source field and the drain field are formed above the channel, they can form shallow 
junction on the basis of the underside of gate dielectric film 65, and effectiveness is in short-channel- 
effect control. 

[0004] Drawing 9 is "A besides J.Tanaka. Sub-0.1-mum GroovedGate MOSFET with High Immunity 
Short-Channel Effects, Digest of IEDM It is proposed by 93 and pp.537-540 and the structure near the 
gate oxide is similar with the thing of drawing 8 . Greatly different points are that the 2nd source field 68 
and the drain field 69 are formed in the bottom of the source field 62 and the drain field 63, respectively, 
and that the thicker oxide film is formed in the side face and top face of the source field 62 and the 
drain field 63. In the case of this structure as well as the structure of drawing 8 , since the channel 
impurity range 64 is formed at the silicon substrate of a gate electrode lower part, it can aim at 
reduction of diffusion layer capacity. Furthermore, since shallow junction is formed on the basis of the 
gate oxide underside, the 2nd source field 68 and the 2nd drain field 69 have effectiveness in short- 
channel-effect control. Moreover, it is the same configuration as drawing 9 , and making the field 
equivalent to the 2nd source field and the 2nd drain field into a low impurity range is proposed by JP.5- 
109758.A. 
[0005] 


•I * 

[Problem(s) to be Solved by the Invention] The former mentioned above dug deep, since it became the 
structure where a gate electrode counters through thin gate dielectric film in the gate mold MOSFET 
with a source drain field (or the 2nd source field and the 2nd drain field), a big capacity will be parasitic 
between the gate sources and between gate drains, and the high-speed operation of a component was 
checked, therefore, the thing which the technical problem which should solve this invention abolishes for 
the part which a gate electrode and a source drain field counter through thin gate oxide — or it is 
reducing the parasitic capacitance between the gate sources and between gate drains by lessening as 
much as possible. 
[0006] 

[Means for Solving the Problem] By etching some substrates, the technical problem mentioned above is 
formed in the location where the front face of gate dielectric film is lower than the top face of a source 
field and a drain field, and can be solved by forming an insulator layer thicker than gate dielectric film 
between the side faces of the side face of a gate electrode, a source field, and a drain field. 
[0007] 

[Embodiment of the Invention] MOSFET by this invention is characterized by forming a slot in a semi- 
conductor substrate, forming gate dielectric film and a side-attachment-wall insulator layer in the base 
and side face of this slot, respectively, forming a gate electrode in Mizouchi inserted into said side- 
attachment-wall insulator layer, and forming the source drain field in contact with a part of side face of 
said side-attachment-wall insulator layer, and base. Moreover, a slot can be made into the configuration 
where the base which investigated the pinched substrate projected downward, and gate dielectric film is 
formed in the base and side face for the height in that case. 

[0008] Moreover, the manufacture approach of MOSFET by this invention (1) The process which forms 
the 1st insulator layer on a semi-conductor substrate, etches selectively this 1st insulator layer and 
said semi-conductor substrate, and forms a slot, (2) The process which deposits and carries out 
etchback of the 2nd insulator layer to the whole surface, and forms a side-attachment-wall insulator 
layer in the side face of said slot, (3) The process which forms gate dielectric film in the front face of 
the semi-conductor substrate which oxidizes thermally and is not protected by said the 1st insulator 
layer and said side-attachment-wall insulator layer, (4) — the process which forms the gate electrode 
which buries said Mizouchi inserted into said side-attachment-wall insulator layer, and (5) — the 
process which performs an ion implantation by using said side-attachment-wall insulator layer and said 
gate electrode as a mask, and forms a source drain field is included. And the ion implantation in the 
process of ****** (5) can be performed from across to a substrate side. 

[0009] [Function] — the parasitic capacitance which the former dug deep and existed between the gate 
of the gate mold MOSFET and a source drain field can be reduced by thickening the. insulator layer 
between a gate electrode, a source field, and a drain field. However, since it becomes difficult to 
generate a carrier to the interface of this insulator layer and a silicon substrate even if it will impress an 
electrical potential difference to the gate in this case, if an insulator layer is thick, strong resistance 
sticks between a channel, a source field, and a channel and a drain field. In order to prevent this, it is 
necessary to introduce an impurity into the insulator layer bottom appropriately. 

[0010] although a thick side-attachment-wall insulator layer is prepared between the gate, a source field, 
and a drain field and parasitic capacitance is reduced in MOSFET of this invention, — the bottom of this 
insulator layer — an impurity — introducing — between a channel, a source field, and a channel and a 
drain field — low — since it is necessary to form a layer [ **** ] by the thickness to which a short 
channel effect does not happen, the thickness of this insulator layer has a limit. When an impurity is 
introduced by the ion implantation and it is going to control a short channel effect by gate length 0.25 
micrometers or less, in order to form the impurity layer of this thickness by the slanting ion implantation, 
the thickness of an insulator layer has 50nm or less good [ the thickness of an impurity layer required 
for the bottom of an insulator layer has desirable 50nm or less, and ]. Since the thickness of the 
impurity layer needed or an insulator layer is proportional to gate length, it can be said that the gate 
length of the thickness of an insulator layer is [ 1/5 or less ] desirable. 


[0011] Moreover, when forming a slot in the configuration where the base projected downward and 
forming gate dielectric film in the side face and base, channel length can be lengthened and a short 
channel effect can be controlled more certainly. However, when this configuration is adopted, the 
parasitic capacitance between a gate electrode and a source drain increases a little. However, the 
increment in the parasitic capacitance applied to the gate by restricting the depth of the height of a slot 
to below fixed can be slightly suppressed by stopping the junction depth of a source drain field. For 
example, when holding down the depth of the height of a slot to 1/10 or less [ of the die length (channel 
length) of the base ] ? the increment of parasitic capacitance can be suppressed within twenty percent of 
gate capacitance, and it is not necessary to cause big property lowering. In the case of IC for optical 
communication which aims at improvement in the speed, especially this is important. The increment in 
the parasitic capacitance between the gate sources and between gate drains can be suppressed to 
minimum, without making source resistance and drain resistance increase, when formed in the 
configuration in which a height has a slot when setting the junction depth seen from the base of the 
side-attachment-wall insulator layer of a source drain field as less than [ thickness extent of a side- 
attachment-wall insulator layer, or it ]. 

[0012] Moreover, according to the manufacture approach of this invention, the side-attachment-wall 
insulator layer with thickness thicker than gate dielectric film is formed with the etchback following 
insulator layer formation and it of desired thickness, after etching a silicon substrate, in order to dig 
deep and to form the gate. The side-attachment-wall insulator layer of desired thickness is simply 
formed in the etched side face by this, and this will be located between the gate, a source field, and a 
drain field, and can reduce a capacity in the meantime. Moreover, although an impurity is introduced into 
the bottom of this thick insulator layer by the ion implantation, if an ion implantation is carried out with 
the vertically suitable acceleration voltage for a substrate when said insulator layer is about 20nm, an 
about 20nm thin impurity layer can be formed in the bottom of said insulator layer. Moreover, in the case 
of thickness 20nm or more, if said insulator layer carries out the ion implantation of the impurity from 
across with suitable acceleration voltage to a substrate, it can form a thin impurity layer in the bottom 
of said insulator layer. By this impurity layer, resistance between a channel, a source field, and a drain 
field can be small performed in extent in which a component property does not deteriorate. And by 
setting up appropriately the range and the ion-implantation include angle of impregnation ion, also when 
the base of a slot is a flat and the projection (additional investigation section) is formed in the groove 
bottom side, a gate electrode and the part which counters can be stopped through the thin gate 
dielectric film of a source drain field to the minimum. 
[0013] 

[Example] Next, the example of this invention is explained to a detail with reference to a drawing. 
[1st example] drawing 1 is the sectional view showing the 1st example of this invention. The slot whose 
depth is about 20nm is formed in a part of component formation field of the silicon substrate 1 of p mold 
whose high impurity concentration is about [ 1x1 01 4cm - ] three of etching in 0.3 micrometers long and 
10 micrometers wide magnitude, and the side-attachment-wall insulator layer 2 with a thickness of 
about 20nm is formed in the side face of the slot. Gate dielectric film 4 with a thickness of 10nm is 
formed in the silicon substrate surface of the part surrounded by the side-attachment-wall insulator 
layer 2, and the gate electrode 5 is formed in the field where the channel impurity range 3 of 5x1 01 7cm- 
3 is on gate dielectric film 4 again, and high impurity concentration was surrounded by the side- 
attachment-wall insulator layer 2 under gate dielectric film 4. And the drain field 7 is formed in one 
outside of the side-attachment-wall insulator layer 2 on the outside of the source field 6 and an 
opposite hand. Here, the source field 6 and drain field 7 bottom is under 20 to 30nm from a GE 1 TO 
electrode underside. And the junction depth is shallow gradually toward the direction of a channel under 
the side-attachment-wall insulator layer 2. The former digs deep according to this structure, the low 
diffusion layer capacity, the shallow source, and drain junction which are the description of the gate 
mold MOSFET are acquired upwards, and the big parasitic capacitance between the gate sources which 
were the conventional demerit, and between gate drains can be reduced by formation of the thick side- 


attachment-wall insulator layer 2. As the term of an operation described, as for the thickness of this 
side-attachment-wall insulator layer, 1/5 or less [ of gate length ] is desirable. 
[0014] [2nd example] drawing 2 is the sectional view showing the 2nd example of this invention. 
Although the structure of this example is similar to the 1st example shown in drawing 1 t a different 
point is a point that the gate electrode 8 has structure extended outside on the side-attachment-wall 
insulator layer. In the 1st example, although the gate electrode was formed with the etchback of the 
deposition film, in the case of this example, gate formation is performed by using the photolithography 
method and the dry etching method. The structure of other parts and an operation are the same as that 
of the case of the 1 st example. 

[0015] [3rd example] drawing 3 is the sectional view showing the 3rd example of this invention. The 
silicon substrate of the part surrounded by the side-attachment-wall insulator layer 2 is the point that it 
is etched into the less than 1/10 depth of gate length, and this etching part is embedded with the 
electrode formation ingredient below the underside of the side-attachment-wall insulator layer 2, and 
the point which is different from the 1st example of this example is the same as the 1st example in 
respect of others. Although it increases from the case where the gate, a drain, and the capacity 
between the sources are the 1st example, with such structure, the junction depth of a source drain field 
is shallow toward the channel field, and since the amount of substrate etching is less than 1/10 of gate 
length, capacity buildup doubles a source and drain side and is at most twenty percent. This buildup of 
less than twenty percent is important when attaining the specification of equipment. For example, in the 
optical transmission system, the data transmission rates have been specification second, such as 600 
megabits per second, 2.4 gigabits /, and 10 gigabits /, a second. Although the data transmission rate of 
2.5 gigabits/second was able to be obtained when produced using CMOS of 0.15 micrometers of gate 
length who adopted the method of this invention for IC for optical communication, and set the above- 
mentioned etching depth to 1/10 of gate length, when the etching depth was set to 1.5/10 of gate 
length, a second was not able to come in 2.3 gigabits /, and a second was not able to be attained in 2.4 
gigabits /of specification. 

[0016] [4th example] drawing 4 is the sectional view showing the 4th example of this invention. The 
silicon substrate of the part surrounded by the side-attachment-wall insulator layer 2 is the point that it 
is etched into the less than 1/10 depth of gate length, and this etching part is embedded with the 
electrode formation ingredient below the underside of the side-attachment-wall insulator layer 2, and 
the point which is different from the 2nd example of this example is the same as the 2nd example in 
respect of others. By the junction depth of a source drain field being shallow gradually toward the 
channel field, although it increases from the case where the gate, a drain, and the capacity between the 
sources are the 2nd example, with such structure, since the amount of substrate etching is less than 
1/10 of gate length, capacity buildup doubles a source and drain side and ends by slight buildup. 
[0017] The 1st example of the manufacture approach is explained with reference to the [1st example of 
the manufacture approach], next drawing 5 . Drawing 5 (a) - (c).is the order sectional view of a process 
for explaining this example. First,' a. field insulator layer, n mold well, and p mold well (all have no graphic 
display) are formed in the front face of the silicon substrate 31 of 3 about [ 1x1 01 4cm high impurity 
concentration to ] p mold, and a component formation field is demarcated. Next, the silicon nitride (Si3 
N4) 32 is deposited on the thickness of 100nm, and the resist film 33 which has opening is formed in the 
gate formation field of a component through resist spreading and exposure, and a development process. 
Next, this is made into a mask, the silicon nitride 32 is etched/.and a silicon substrate 31 is etched , 
further a depth of 20nm [ drawing 5 (a)]. Next, the resist film 33 is exfoliated, 20nm of silicon oxide is 
deposited as an insulator layer, and the side-attachment-wall insulator layer 34 is formed by anisotropic 
etching. Next, the ion implantation of the boron is carried out on condition that energy 40keV and dose 
1x1013cm-2, the channel impurity range 35 is formed, then the front face of a silicon substrate 31 is 
oxidized and gate dielectric film 36 is formed [ drawing 5 (b)]. 

[0018] Next, after forming the monolayer or laminated structure of polish recon, a metal or a metal / 
polish recon, or metal silicide / polish recon in the whole surface, the gate electrode 37 is formed only in 


the part surrounded by anisotropic etching by the side-attachment-wall insulator layer 34, and etching 
clearance of the silicon nitride 32 is carried out. Next, the source field 38 and the drain field 39 are 
formed for arsenic by the ion implantation from [ of 45 degrees ] slant on condition that energy 30keV 
and dose 1x1014cm~2 [ drawing 5 (c)]. Arsenic is introduced by this slanting ion implantation to the 
edge of gate dielectric film 36. A component is completed with the usual MOSFET formation process 
after this. In MOSFET manufactured by this production process, since a thick oxide film is formed 
between a gate electrode and a drain field (and source field), capacity in the meantime can be made 
small. Moreover, since ion-implantation energy can be chosen so that the underside of a drain field may 
be set to about 10 to 20nm from the underside of gate oxide, a shallow source field and a drain field are 
formed, and effectiveness is in short-channel-effect control. 

[0019] The 2nd example of the manufacture approach is explained with reference to the [2nd example of 
the manufacture approach], next drawing 6 . Drawing 6 (a) - (c) is the order sectional view of a process 
for explaining this example. The production process of this example shows the condition of the process 
shown in drawing 5 (b) having been the same as that of the case of the 1st example, and having ended 
this process to drawing 6 (a). Then, after forming the monolayer or laminated structure of polish recon, a 
metal or a metal / polish recon, or metal silicide / polish recon in the whole surface, the gate electrode 
37 is formed according to a lithography process and an etching process [ drawing 6 (b)]. Next, etching 
removes the silicon nitride 32, the ion implantation of the arsenic is carried out on condition that 
[ direction / of slant / of 45 degrees ] energy 30keV and dose 1x1014cm-2, and the source field 38 and 
the drain field 39 are formed [ drawing 6 (c)]. Arsenic is introduced by this slanting ion implantation to 
the edge of gate oxide 36. A component is completed through the usual MOSFET formation process 
after this. Thus, in formed MOSFET, a cutback and short-channel-effect control of parasitic 
capacitance are realizable like the component formed according to the previous example. 
[0020] The 3rd example of the manufacture approach is explained with reference to the [3rd example of 
the manufacture approach], next drawing 7 . Drawing 7 (a) - (c) is the order sectional view of a process 
for explaining this example. In this example, the process to drawing 7 (a) is the same as the process to 
drawing 5 (a) in the 1st example of the manufacture approach. Next, the resist film 33 is exfoliated, the 
insulator layer (oxide film) containing arsenic is deposited on the thickness of 20nm, and the impurity 
content side-attachment-wall insulator layer 40 is formed by anisotropic etching. Next, the ion 
implantation of the boron is carried out on condition that energy 40keV and dose 1x1013cm-2, the 
channel impurity range 35 is formed, the front face of a silicon substrate 31 is oxidized continuously, and 
gate dielectric film 36 is formed [ drawing 7 (b)]. 

[0021] Next, after forming the monolayer or laminated structure of polish recon, a metal or a metal / 
polish recon, or metal silicide / polish recon in the whole surface, etchback is carried out by the dry 
etching of an anisotropy, and the gate electrode 37 is formed. Subsequently, etching clearance of the 
silicon nitride 32 is carried out, and the source field 38 and the drain field 39 are formed by the ion 
implantation of the arsenic from a perpendicular direction after that. This ion implantation may be 
performed 10 degrees or less from across. Next, heat treatment for 10 seconds is performed at 1000 
degrees C, from the impurity content side-attachment-wall insulator layer 40, about 20nm of arsenic is 
diffused and the impurity diffusion section 41 is formed in the edge of gate dielectric film 36 [ drawing 7 
(c)]. 

[0022] According to the MOSFET manufactured by this example, a thick oxide film is formed between a 
gate electrode and a drain field (and source field), and capacity in the meantime can be made small. 
Moreover, since the impurity diffusion depth by heat treatment is controllable so that the underside of a 
drain field is set to about 10 to 20nm from the underside of gate oxide, a shallow source field and a drain 
field are formed, and a short channel effect can be controlled. Moreover, in the case of this example, the 
thickness of the impurity content side-attachment-wall insulator layer 40 is not restricted by the ion 
implantation etc., but is restricted to it by the resistance under it. Then, resistance here can be selected 
to about 0.1 micrometers or less made smaller than channel resistance. 

[0023] The 1st thru/or the 3rd example of the above-mentioned manufacture approach can add the 


following modification, the side-attachment-wall insulator layer after etching a substrate and forming the 
side-attachment-wall insulator layers 34 and 40, and a silicon nitride — a mask — carrying out — a 
substrate — 1/10 or less [ of channel length (distance between side-attachment-wall insulator layers) ] 
— depth etching is carried out and a channel impurity range and gate dielectric film are formed after 
that. Moreover, in the above-mentioned example, although only MOSFET of an n channel mold was 
explained, this invention is not limited to this and can be applied also about the transistor and CMOS of 
a p channel mold. 
[0024] 

[Effect of the Invention] As explained above, since MOSFET of this invention prepares a source drain 
field so that a side-attachment-wall insulator layer may be formed in the side face of the slot 
established in the substrate and this may be touched, while the former can dig deep, being able to make 
the junction depth of a source drain shallow like Mold MOSFET and being able to control a short channel 
effect, a gate electrode and source drain inter-electrode parasitic capacitance can be reduced, and 
improvement in a switching rate can be aimed at. 
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DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing the 1st example of MOSFET by this invention. 
[Drawing 2] The sectional view showing the 2nd example of MOSFET by this invention. 
[Drawing 3] The sectional view showing the 3rd example of MOSFET by this invention. 
[Drawing 4] The sectional view showing the 4th example of MOSFET by this invention. 
[Drawing 5] The order sectional view explaining the 1st example of the manufacture approach of 
MOSFET by this invention of a process. 

[Drawing 6] The order sectional view explaining the 2nd example of the manufacture approach of 
MOSFET by this invention of a process. 

[Drawing 7] The order sectional view explaining the 3rd example of the manufacture approach of 
MOSFET by this invention of a process. 

[Drawing 8] The former digs deep and it is the sectional view (the 1st conventional example) of the gate 
mold MOSFET. 

[Drawing 9] The former digs deep and it is the sectional view (the 2nd conventional example) of the gate 

mold MOSFET. 

[Description of Notations] 

1, 31, 61 Silicon substrate 

2 34 Side-attachment-wall insulator layer 

3, 35, 64 Channel impurity range 

4, 36, 65 Gate dielectric film 

5, 8, 37, 66 Gate electrode 

6, 38, 62 Source field 

7, 39, 63 Drain field 

32 Silicon Nitride 

33 Resist Film 

40 Impurity Content Side- Attachment-Wall Insulator Layer 

41 Impurity Diffusion Section 

67 Silicon Oxide 

68 2nd Source Field 

69 2nd Drain Field 
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[^©f&aBftt&W] 
[0001] 

[*W©«-*-5ft«»lPl *5SMf4» MOSFET©« 
*ii*H*:l#>i3*«a«Ja*y- hilOMOSFET 
[0 0 0 2] 

[&*©ftflf] MOSFETfilRiWft-f-iittJ:*)* 

ftilRffcW ?L S ft HH i ft 5 . M^-y 

fM © ft * tt y - h ffi W- ifi cd y - ;* *s J: K w v © m 

fc, MOSFETWttl6SrJ;9|B]±$.-g:4K:«:, KW 
[0 0 0 3] r*u6>ioK**rJft*«jfc«fc-*-«Jti L 

t><£>f4. E. Takedal> "New Groove 
d— Gate MOSFETwith Drain S 
eparated from Channel Imp 
lanted Region (DSC)", IEEE 
Transactions on Electron 
Devices, Vol. ED-30, NO. 6, p 
p. 681-686, 1 9 8 3 t'&^TM^tWt 
Xh<9, f ■t*A''F»6*Mll«8-4lli>'!) a^lSe 1* 

£tlX\>*2>„ tLt, y-^fS*s£6 2 t KWyf«6 
3 tt#- r-^416 6 ©«at*HRl-t-5 J: 5 KT»ritSixT 
V*3. £©J:5***ireH\ ^**A^|*1M*tt6 4tt 

j&£;ft,3fca6, y-^S«6 2*sJ:tf K^y««6 3 . 

40 i!6 5<OTI^«itLtav^^t5^i:i5 

[0 0 0 4] 0 9»4, ]. Tanakal, "A Su 
b — 0. 1— Mm GroovedGate MO S F 
ET with High I mm unity Sho 
r t — Channel Effects, Digest 
of I EDM 93, pp. 537-540 

H8©fc©£SfilU-Clr*$ 0 V—* 
mi$,6 2 t KW>f«6 3©TK-t-ix^S52 y — ^ 
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Erisy-^^SMoitfKwf ±MZ tXSvHae 
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jfett, (1) ^iV^SKJiKlJISlOttWil^jAb. tt 

Tl*Sr»J«i-5XSi , : ( 2.) . 2 Oj&IHR&Jt:.. 

& Lai y 7v< y * LTiiir^©ffiffite<KlffiJ6S«£7l&fc ■' 

-rsxst, ( 3). Mft^ff i^ei i (o^tijoi 

SffiK^- M6«K«r»J*-t"5X«i: » (4) mffEfiOM' 
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fi, ^J^«0. 2 5 dmHTC^T hfitlfH;^ 
[0 0 11] jSE*STi^)SLfc^^^ 

«rauaL/t£#fctty— h«*£y— * ■ kwvihj© 

IF*****^**-*-*. t^L, y-^ ■ Kw-ffffl 

40 $Sr^<DJgffi©ft$ (^-^^/V'*) ©l-O^cDl^Ttc 
5. y— ^ • KWy^roftiJIS^^tDjSffi^feEfc 

**©*l«i&Sr*<B;l»lc«i*.5wi:!is-C#5.. 
so - [ o 0*1 2 1-4*:, *^?^(p®iJt**l-J:Htf, h 
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©J¥ a? <Di&mmMi$. t -tnttt < ^ y?v< -^^laof 

©IH]©#*3H6*-*-3 r.©fft>|6 
SUBEd* 2 O n m^©4ft£tt££lc£igK:tt£&AP&tt 

^2 0 nmEA±©J¥ £©*§£•£ fi, **gfr^ L^**(6] 
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fli*©mo«a:tt* : F-4W4* s s)5'fb l&v ^BAt/h* < t 
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i comm,mi m i ©satwsr*-*- 

*©*©«ffiH:, fJ20n. 
mS«©fl!HHft»»2asj»«S*fCV^S. fl!lfitt*K2 

TH£*tfcgl5#©v"y =J 1 0 nm©'/ 

-h««R4*s*dt*ix, y-hlftira4©Tte*tt*> 
8£ *s 5 x l 0 I 7 c m^W^-t^/V^F^IB^ 3 * 
fcy- hf&*JK4 '©Ji^j&*offl|«|ftlMJJ2 tISJxfcl 
*rtfc^-h«*5#^fifc<*;IVO*.5. -t LT, WSite 
StM2©-#©fl-{i!llcy-*Sii£6\ RJtl|o*mi:K 

*sj:lf KW ^fW* 7 ©TflSfct?- Nm®TffiJ:<9 2 0 
*»b3 0nmTk:iS)5. * LT-t©»fr»$ tt, ttifilft 

V5, r©«JftfcJ:9lt*©»9a*y-h®MOSF 

Sr*vMIIH8lftl»il2©J»j«k:J:9(S«-<?t5. C©{S!lffi 
»«6Bt©Jp:*tt, ^©JST-xE^fdJ; 5tc:y- h«©5 
#©lETF##*Li\, 

[0014] [fa 2 ©nffi^ii] 0 2 *&w<om 2 © 

3SESS«Sr*i-«ffiia-e*)5. *3afctH©*3iH:, Bilk: 
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f±, y- hmtt8^««ste«gt©±-e^«i»!:it«ufc« 

'JSfcfco-Ci^ 3. JBl©l?lfc09fc*s^Ttt, y 
- hm«**i«il©3iy^y^^J:9J»J«L-CV^ 

K?'!' ^y^-f^SsST/B^ar. tic J; 13^- h^j&fcfT 
ot^5, -t©flt©»^©*3tJ8J:t«^ffl»±jei©iafi 
«©»&i:R*-C*>5. 
[0015] [J& 3 ©HM^iJ] EI 3 f± % *££©# 3 © 
io Hlfcfil!Sr*"t"»ffl5Bn»*)a. *HlfeM©^l©ll»Ji 
fe& LTV x 5^fi, Mttf&lftK 2 -CfflSnfcSB^©^ y 
= >'S«yiS{l«$feii^2©TffiJ:'3T(-, y-h*©l 
0^©i6JU*!©JB*k:3iy^-^^Six, ftxyfy^ 

^©te©.&Tfi3S 1 ©mtttli PHR-C* <5. r © J: 5 4 

aifiTftt, Kt k w ^y-^m**asiB i ©* 

Jt«©»frJ:0*ll*i-5*s, y-* • Ki~f !"««©» 
S=K^s/^v^»^y- h*©i 0#©l#rt*©-e* 
5 0 w©2«£Art©l«*iv^5©W:St*©«»*3i»*-^ 
ea65t*r4 6 0 0^#tV K/fj\ 2. 4^^tTs/^/ 

i o=¥#t*s> h/fMi©^^^^^ 3ta« 

ffllCSr, £©»W©#5£«r*/iIL±lB^y?-l'*'«£ 
h*© 1 0^>© 1 h Lfcy— SftO. 15 Mm© 
CMOSSrlPtfffiLfctr?.^ 2. 5^fs/h/ 

*S^-hS©10^Ol. 5^Lfci§-g-^f±2. 3 
30 =¥^fc'y ^t&©2. 4^l?yh/»Sr 

[0 0 16] [#4©Xffi0!l] H4»i» *^BJ©B4© 

ffi* LTV ^ 5 ^»4, {Mai&Mt 2 tiJ tufcgB^© v- y 
^SK^fl!lSMtHR2 ©iFEJ: 9 TK, ^- b«© 1 

»*s«a»j«fl-»»c:J: fjafe^^ttT^S^TfooT. 
' *'©tt©/STf±flS2©30fi«ilfl]*Tas)5. i©J:54 

«3tT*f±» h t Kv-r ^y-^m**iPSB 2 ©n 

40 *«©*&£!»**-*-«#* y-^ • FKV«CS 
* * AiiWsfcifii i»o T»* k: i»< 4 o t*s 9 
j^og&tejis/^-v^artsy— 1 0^© 1 Wrt^© 
Tv' «*«*0:y— ^Wii'Ku-f v(B|t Sr-e-to-erTfci" 

[0017] [Kit^fe©^ 1 ©«fi«] ^(C, El 5 * 
#MLTM5t*i£©^l©llliS^JIC-5^Tliil^-r3o El 

5 (a) ~ (c) z<Dnmm&t&w-f?>tc$><Dx.n 

«KffiHT?*>5. X 1 0"c m -3£ 

tOpSo->!)a VSS 3 1 ©*® 7 >f -/w KfttHK 
so ^nS^a^pS^i/v (vTtbtEI^'iL) 
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(S i3 N4) 3 2 & 1 0 0 nm©J££H:*fMSU ^v 5 

$ bfcVJJ =>-Stg3 1 2 0 nmij'fX 

^1-3 (|5 (a) ). tfcfcl, Uv?* hffl£3 3 SrSiIRt 
U/lftWWfc UT^J^Lfiv-y 3Vi«4:2 0 nmlt^ 

5 0 ftf-, jKnySri^-40keV« K-X*l 
x 1 o^cffi-^W^yaALt^ ^-¥*A'^F#fi 
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SrlWfc: LTy- b IfeftlK 3 6 SrJf^-T 3 [0 5 
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[0 0 181 fttc. /Ky v-y =>>*fc(i^JR*fcfi^R 

yv/iinvs fcti^s v- y iJ-'f k/tK y v' y ^© 

*«3 7&7I&*U -y!)ayiM3 2?Srx y fy^| 

lX10 14 cm- 2 O*#t\ 4 5m<V&lbJTfafrbZ>-{ 
7t^^zX<0 y — *fttfc3 8*5<fcO ? Kwr>'1!g^3 9 

4r#rirt-5 Cm 5 (c) ] 0 r©M»-ftvaAi;J;!5 

ttt^^sy- h%tl3 6 ^(D^(4 
MCMOSF ET^XStclctl9* J f-<l:^;i--5, ~ 
<DmmX.UK i 9 gif£ £ W:MO S F E T T'fi> ? — b 

t*i' K^>^« (*; J; tfy ©Wtffir^lfc 

K W yfS!OTI^y- b&'ffcJSiWTBJ: K). 1 

oa»fc2 o'nmfiflifcfcs iSfc^^^^/^- 
Srii.s:: t^-et %(dx\ «v>y— ^itoitjiKW 

[0019] awe**©* 2 ©5i»*j] ftt^, m 6 sr 

6 (a) ~ (c) fi, r.©IBtt«Sr«Wf 5fcft«>xS 
IH^fgnST'fcSo *20fc«©S3ft:i:aW\ 0 5 (b) K 
^tlSJt'li^ 1 ©HS«fi©»&£ra«-C*>oTs r 

©Xg£ii&TLfc:|Kfig$:l2l6 (a) ICS*-*-. ^©t£, # 

y -> y =■ y^/cii&jgs fc(±^jR/* y ~> y ? ysfctt 
^jRv-yiM K/jtfy v-y =yo#i*fcH«iist 

izi<9?-hnm3 7*j&f&-rz> me (b) ] . & • 

fc:, -> y 3 ygfti 3 2 Srx y f y>|c i !) L, 5ft 
^Srjt^/wdft— 3 0 k e V, K-Xil X 1 0 14 c m~ 2 
©A#-e, 4 5ft©»*?>*lRl«tl9'f*^'aALTy — ^ 

ffi*£3 8tsiy ! Kn'yf®3 9 IS 6 . . . 

(c) ) „ zcomubj^^SiMzx ym.mur'?- \-mit 

«3 6WiS*-e^A$n3o ro^fiillf OMOS F E 
T^ie^ST*^*5^i-S 0 "©J; 5^Cl.-CmJfr 
l;fcMO S F ETfCtJV-Cfi, ^©HfeWi X 9ff2i&L 


fc** t mm k , tsft A^b*w#j 

[0 0 20] [»3t*fe©» 3 ©HJtm SI 7 ft- 

#flRU-C«3S*«feOJB3 0iafi«toiNTBlW-f5. El 

7 (a) ~ (c) fi. w©Hl£^!J*!JiPJi-3fc*C0X@ 
JJWrffiEI-efci. *HJfi09K:*i>^-C» SI 7 (a) *"?© 

xsf±*ut*ife©Jis 1 ©mni«-e©Bi 5 (a) s-e©i 

etlRHiT-feSo ftf-> Uv 1 ;* h$£3 3SrfiJgtU StS? 
UfcfeWR (BMbOD & 2 0 n mCDff $ 

10 t > ^77^ y ^ > ^ <t 9 ^fm^mmmmum 4 0 

7Ko^5ri^;vdf-4 0 k e V. K 
-Xil X 1 O^cm-^^-C-l'^V&ALT^-ir^ 
^*E^*SE 3 5 Sr^/jfc U iKV^ VSS 3 1 © 

mfc&mt^xtf - bMfltot3 6 srjifj^-r* cm 7 

(b) ] . 

[0021] ft(-, /Ky v-y 3 v*fc(4^jg*fc(±^ 
/itfy-yy aySfciiiiv'yt'C>'/#yv'y 

20 teifc-TZo ftv^-e, -yyayi«3 2?rxyfym 

^ecDft. SE*lfiia*e><01tt*©-<*>'&AfcJ:f 
y— ^-ffi^3 8*3«ttJ ! K Wv^B«3 9 Sr^fiSc-TSo - 
<75-f ^->-aA«. 10° WT©M«)*[6]^fetToTt>J; 
V>. ft}c % 1 0 0 OXlX'l OtyfflOBWM&'tt'oXJFm 
^^mW&MMA o J: f9«tsSSr 2 o nma*it»$-^ 

CH7 ; (c) ] . 

[0 0 2 2] *Hi^tCj;!)tif$tlfcMO SFETC 
y-MitKWyg« (43it^y-^^ 

Tffii •? 1 0 ^ 6 2 0 n mgt t /i 5 i 9 Ictfell- i 

©Sfet5r^-^^>'HStn[J:9/h$<T't3 0. UmSS 
40 [00 2 3] ±ift©^it*feo^ 1 ftir^ 3 0Htt0![' 
. fy^LT MSt6f»R'-3 4,40 L tzM » fitttft 

MO S F ET{wOV>T©^iaPJLfci45^p^(4~Ht-|5fi' 
5t$*T,3t>©-ef±&< , p^-y^S© h7y^^i5 
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